The herpetofauna of Parque Nacional Pico Bonito, Honduras. Seventy-three species of amphibians and reptiles (six salamanders, 20 anurans, 20 lizards, and 27 snakes) are known from Parque Nacional Pico Bonito, Honduras. The physiography, climate, vegetation, and microhabitats of the park are briefly described. Forty-four species are recorded from Lowland Moist Forest, 45 from Premontane Wet Forest, and 14 from Lower Montane Wet Forest. The primary microhabitat and relative abundance of each species are indicated and population declines are discussed.
Introduction
A recent series of publications (Wilson and McCranie 1998 , 2004a , c, Wilson et al. 2001 , McCranie and Wilson 2002 , McCranie 2005 have addressed the issues of the conservation status of the Honduran herpetofauna, the declining populations of some of these amphibians and reptiles, and the efficacy of the existing system of biotic reserves in Honduras in protecting these animals. The status of the amphibian populations in Parque Nacional Pico Bonito, in fact, was the subject of the first of these papers (Wilson and McCranie, 1998) .
It is becoming increasingly evident that biodiversity decline, as discussed in more general terms (Wilson 1988 , 1992 , Wilson and Perlman 2000 and elsewhere for amphibians and reptiles (Young et al. 1999) , is also occurring in Honduras despite the existence of a robust system of biotic reserves in the country. Wilson et al. (2001) and Wilson and McCranie (2004a) have explored some of the reasons for these population declines. Espinal et al. (2001) reported on the composition, distribution, and conservation status of the herpetofauna of Parque Nacional La Muralla in the northwestern portion of the Honduran department of Olancho. This paper deals with the composition, distribution, and conservation status of the herpetofauna of Parque Nacional Pico Bonito, a large park located in the central portion of the Cordillera Nombre de Dios, the long mountain range paralleling the central portion of the northern coast of Honduras.
Since 1980, we have made numerous trips and worked extensively in the Quebrada de Oro area on the southern face of the cordillera. We have made collections on the park side of the Río Cangrejal along the northeastern border of the park, as well as from the vicinity of a forestry school station situated at the base of the northern face of the cordillera.
Material and Methods
Fieldwork for this study is summarized as follows: McCranie made eight trips totaling 54 days (1-4 June 1980 , 14-17 August 1982 , 16-19 August 1984 , 17-24 May 1988 , 24 June 1989 , 1-7 August 1989 , 11-21 February 1995 , and 25 May-9 June 1996 . Both authors made one 20-trip from 29 January-17 February 2003. In addition, we have examined amphibians collected in the park by G. A. Cruz and G. Köhler and Köhler also provided us with a list of the reptiles he collected in the park.
The Coefficient of Biogeographic Resemblance algorithm (Duellman 1990 ) was used to demonstrate herpetofaunal relationships among the three forest formations in the park. The formula is CBR = 2C/(N 1 + N 2 ), where C is the number of species in common to both formations, N 1 is the number of species in the first formation, and N 2 is the number of species in the second formation.
Locality data for each species are included in Appendix I (museum numbers for amphibians included in McCranie and Wilson, 2002 are not listed herein).
Study Site
Parque Nacional Pico Bonito is located in the central portion of the Honduran department of Atlántida (Figure 1 , Appendix II) and the northcentral portion of the department of Yoro, south and west of the city of La Ceiba. The park covers an area of approximately 565 km 2 (56,774 ha), with a nuclear zone of about 57 km 2 (5737 ha) (Sánchez et al. 2002) , although a much larger nuclear zone has recently been proposed (Anonymous 2001) . A forestry school station, which also allows visitors easy access to explore the park, is situated at 120 m elevation near the city of La Ceiba. Elevations in the park range from about 10 to 2480 m, with the current nuclear zone extending from 1800 m upwards.
Parque Nacional Pico Bonito is located in the northern part (Northern Cordillera) of the largest physiographic area in Honduras, the Serranía . The park consists of the central part of the Cordillera Nombre de Dios and a portion of the coastal plain (Nombre de Dios Piedmont) on its windward side (see McCranie and Wilson 2002 for a discussion of the physiography of these two regions).
One reason a significant amount of forest remains to merit establishment of a biotic reserve in the central region of the Cordillera Nombre de Dios is because the windward and leeward faces of this range are extremely steep and relatively difficult to ascend. Nonetheless, significant deforestation has occurred in much of the buffer zone of this park, as well as much of the nuclear zone lying along the Quebrada de Oro southward to the northern slopes of Montaña de Corozal.
Four climatic zones occur in Parque Nacional Pico Bonito viz., Lowland Wet, Intermediate Wet, Intermediate Dry, and Highland Wet. The following is summarized from Wilson and Meyer (1985) . The Lowland Wet climate in Honduras is restricted to the Caribbean coast and occurs from sea level to about 600 m elevation. Rainfall is at least 2000 mm per year with the rainy season occurring from May to December, and the mean annual temperature for this climatic zone is greater than 24°C. The Intermediate Wet climate occurs at elevations between 600-1500 m along the Caribbean versant and on some interior mountain ranges and is characterized by annual precipitation greater than 2000 mm and mean annual temperature between 18-24°C. The Intermediate Dry climate is found only along the leeward slopes along the southern edge of the park, between about 600-1500 m elevation, and is characterized by annual precipitation of less than 2000 mm and mean annual temperature between 18-24°C. The Highland Wet climate occurs primarily above 1500 m elevation and is
The herpetofauna of Parque Nacional Pico Bonito, Honduras characterized by 1500 mm or more of annual precipitation and a mean annual temperature of less than 18°C.
Vegetation in Parque Nacional Pico Bonito can be allocated to four Holdridge (1967) forest formations. The Lowland Moist Forest extends from sea level to about 600 m on the windward face of Cordillera Nombre de Dios and is characterized by a mean annual precipitation range of 2000-4000 mm and a mean annual temperature of more than 24°C. Premontane Wet Forest occupies elevations between about 600-1500 m and is characterized by a mean annual precipitation range of 2000-4000 mm and a mean annual temperature range of 18-24°C. Premontane Moist Forest is limited to a small area on the leeward slopes along the southern boundary of the park from about 600-1500 m with a mean annual precipitation range of 1000-2000 mm and a mean annual temperature range of 18-24°C. No amphibians and reptiles have been collected in this formation in the park. Lower Montane Wet Forest occurs at elevations above about 1500 m with a mean annual precipitation range of 2000-4000 mm and a mean annual temperature range of 12-18°C. Agudelo (1987) noted that some of the common species of trees of the Lowland Moist Forest of the Honduran Caribbean coast belong to the genera Astronium, Cedrela, Pithecolobium, Terminalia, and Vochysia. In the primary forest around the CURLA Forestry Station, more than 120 species of plants have been reported. Some of the most common trees at this site are species of the genera Sterculia, Dialium, Pithecolobium, Terminalia, Jacaranda, Miconia, Rheedia, Mouriri, Meliosma, Ouratea, Rinorea, Rollinia, Podocarpus, Mollinedia, Cordia, and Symphonia (Mejia 1993) . One hundred and forty-six species of trees have been reported and described for the Honduran Caribbean coast, and more than 400 species are expected to be present in the park (Thirakul 1998) . Numerous microhabitats for amphibians and reptiles exist within the park. Included are streams and rivers of varying sizes, a few small temporary and permanent ponds in disturbed areas below 600 m, and forest types ranging from tropical lowland rainforest to wind scrub at the highest elevations of the cordillera. Parts of the park contain denuded areas and secondary and primary forests.
Specimens collected in the immediate environs of lotic (streams and rivers) or lentic (ponds) situations were recorded as being streamside or pondside inhabitants, respectively, whereas those collected in the forest away from surface water were recorded as forest inhabitants. Height above the ground also was noted for the specimens collected. Those found on the ground, streamside boulders, underneath logs, moss mats, or other surface debris, or inside logs were scored as being terrestrial. Specimens found active on vegetation from a few cm above the ground upward were scored as being arboreal.
Results

Composition and Taxonomic Comments
Seventy-three species have been identified in Parque Nacional Pico Bonito (Table 1) , six salamanders (8.2%), 20 anurans (27.4%), 20 lizards (27.4%), and 27 snakes (37.0%). Of these, two are taxonomically problematic. The single specimen of Eleutherodactylus laticeps from the park (KU 209039) was tentatively included in E. laticeps by McCranie and Wilson (2002) . Specimens resembling Norops rodriguezii from the park are tentatively assigned to that species. Genetic data and males with fully everted hemipenes are needed before the identity of this population can be confirmed.
Biogeographical Resemblance
The Coefficient of Biogeographic Resemblances (CBR) for the three forest formations in the park that have been adequately sampled are shown in Table 2 . The highest CBR value (0.47) is that between Lowland Moist Forest and Premontane Wet Forest, and the lowest (0.07) between Lowland Moist Forest and Lower Montane Wet Forest. As expected, the highest average CBR value (0.37) is that for the Premontane Wet Forest formation, given its intermediate altitudinal position.
Broad Patterns of Geographical Distribution
As did Wilson and Meyer (1985) , McCranie and Wilson (2002) , we placed the species occurring in this park into a set of distributional categories based on the entire extent of their geographic range (Table 1) . Three of the categories used by Wilson et al. (2001) Twenty-eight species (38.4%) are arboreal, 41 (56.2%) terrestrial, and four (5.5%) arboreal and terrestrial (Table 1) . With reference to occurrence in the three major habitats in the park (forest proper, streamside, pondside), 40 (54.8%) were found only within the forest, 22 (30.1%) only along streams, one (1.4%) only around ponds; eight (11.0%) occur in the forest and along streams, and two (2.7%) in the forest and around ponds (Table 1) .
In the forest, 23 (31.5%) species are terrestrial, whereas 17 (23.3%) are arboreal. Among streamside species, 12 (16.4%) are terrestrial and six (8.2%) are arboreal. There are four (5.5%) arboreal-terrestrial streamside inhabitants, four (5.5%) arboreal forest-streamside inhabitants, four (5.5%) terrestrial forest-streamside inhabitants, two (2.7%) terrestrial forest-pondside inhabitants, and one (1.4%) arboreal pondside inhabitant.
Relative Abundance
The 73 species are classified as being common (many individuals regularly found), infrequent (unpredictable, few individuals seen), and rare (rarely seen). These classifications are historical (i.e., based largely on earlier trips) and do not take into consideration the population declines of some species (discussed below). Twenty-four species (32.9%) are categorized as being common (two salamanders, 11 anurans, nine lizards, two snakes), 23 (31.5%) as being infrequent (one salamander, five anurans, seven lizards, 10 snakes), and 26 (35.6%) as being rare (three salamanders, four anurans, four lizards, 15 snakes).
Population Declines
Amphibian population declines are occurring in this national park, as elsewhere in Honduras (McCranie and Wilson 2002 , Wilson and McCranie 2004a , McCranie 2005 . Of the 26 species amphibian species recorded from the park, three appear to be extinct (Atelophryniscus chrysophorus, Eleutherodactylus chrysozetetes, and E. cruzi) and one extirpated (E. fecundus); each species is endemic to Honduras. McCranie and Wilson (2002) noted that tadpoles of Atelophryniscus chrysophorus were abundant in the Quebrada de Oro during each month the area was visited (see Material and Methods) on the first seven trips, although they were considerably less common on the 1996 trip than previously. No tadpoles or adults of A. chrysophorus were seen on the 2003 trip despite a diligent search of the Quebrada de Oro between 900-1100 m (the stream is non-flowing for much of the year above that point). Given the abundance of A. chrysophorus tadpoles along this stretch of Quebrada de Oro in previous years (it is easy to envision the previously abundant black tadpoles with prominent gold spots as the origin of the name of this stream), this is strong evidence of the collapse of this species. Eleutherodactylus chrysozetetes and E. fecundus were common along the Quebrada de Oro as late as the 1989 trip. Neither species was seen on the 1995, 1996, and 2003 trips despite working the same sections of the stream both day and night. Eleutherodactylus cruzi was last collected in 1980 at 1520 m elevation despite efforts to find it again in the region of its type locality in 1995 and 1996. Given the apparent disappearance of all streamside Eleutherodactylus in the country from similar elevations also strongly suggests this species is extinct.
Another four species (Duellmanohyla salvavida, Plectrohyla chrysopleura, Eleutherodactylus chac, and E. saltuarius) seem to have declining populations in the park. Three of these are endemic to Honduras and the other (E. chac) is otherwise restricted to Nuclear Middle America. All four of these species were decidedly less common in 1996 and 2003 than in earlier years and tadpoles of the Plectrohyla collected in 1996 had deformed mouthparts.
Parque Nacional Pico Bonito is home to five other Honduran amphibian endemics, Bolitoglossa porrasorum, Nototriton barbouri, Oedipina gephyra, Bufo leucomyos, and Ptychohyla spinipollex. Although we have insufficient data to comment on the status of the Oedipina, the other four species seem to have stable populations in the park.
Of the 47 species of reptiles from the park, three (6.4%) seem to have declining populations. These are Drymobius chloroticus, Hydromorphus concolor, and Bothriechis marchi. The Bothriechis is endemic to Honduras. Two (D. chloroticus and B. marchi) are frog-eating snakes that formerly depended on the abundant anuran populations along the Quebrada de Oro. Parque Nacional Pico Bonito harbors five other Honduran reptile endemics, Sphaerodactylus dunni, Norops loveridgei, N. purpurgularis, N. zeus, and Typhlops stadelmani, each of which seems to have a stable population in the park.
Given the above-indicated documented cases of decline or disappearance, it is obviously critical that the populations of the species mentioned in this section be carefully monitored for changes in their population status.
Discussion
The herpetofauna of the mainland of Honduras, Bay Islands, Cayos Cochinos, Miskito Keys, and territorial waters comprises 348 species (J. R. McCranie unpubl. data), including 121 amphibian and 227 reptile species (six of which are marine in distribution). The herpetofauna of Parque Nacional Pico Bonito (73 species), therefore, represents 21.3% of the 342 mainland and insular species. The percentage of the various mainland and insular species afforded nominal protection in the park varies widely. None of the two species of caecilians, the nine species of non-marine turtles, nor the two crocodilians are known from the park. The percentages for the other groups are as follows: salamanders (23.1% of 26 species); anurans (21.5% of 93 species); lizards (22.5% of 89 species); and snakes (22.3% of 121 non-marine species). However, the above figures are misleading, because Parque Nacional Pico Bonito contains only three (with the exclusion of the herpetologically unknown Premontane Moist Forest) of the nine forest formations found in Honduras. It is more useful to assess the park's importance by comparing the herpetofaunal composition by forest formation type with that of the same formation in the country as a whole. The forest formations found within the park for which the herpetofauna is sufficiently known are Lowland Moist Forest, Premontane Wet Forest, and Lower Montane Wet Forest. There are 64 amphibian species known from Lowland Moist Forest (McCranie and Wilson 2002 , 69 amphibian species from Premontane Wet Forest (J. R. McCranie unpubl. data), and 44 amphibian species from Lower Montane Wet Forest McCranie 2004b, c, McCranie et al. 2005) . Thus, the 14 amphibian species found in Lowland Moist Forest in the park comprise 21.9% of the total known for that formation in Honduras, the 16 from Premontane Wet Forest make up 23.2%, and the eight from Lower Montane Wet Forest constitute 18.2%. The number of reptile species for these three formations are 141, 99, and 56, respectively (J. R. McCranie unpubl. data). Thus, the 30 reptile species from Lowland Moist Forest in the park make up 21.3% of the total recorded from that formation in Honduras, the 29 from Premontane Wet Forest constitute 29.3%, and the six found in Lower Montane Wet Forest comprise 10.7%.
As is the case with almost every other biotic reserve in Honduras , McCranie and Wilson 2002 , 2004a , b, c, McCranie 2005 , Parque Nacional Pico Bonito is impacted by anthropogenic environmental problems. Principal among them is habitat degradation and destruction brought about by slash-and-burn agriculture. This process is occurring apace throughout the buffer zone, as well as in the nuclear zone in the vicinity of the tributaries of the Río Cangrejal that emerge from the mountain range, including the Quebrada de Oro. Removal of the forest to make way for temporary croplands also set the stage for massive landslides that have disastrously altered the Quebrada de Oro and its environs from about 800-940 m elevation. These changes are directly implicated in the population declines seen in most anurans that reproduced in that section of the stream (Atelophryniscus chrysophorus, Duellmanohyla salvavida, and Plectrohyla chrysopleura). Only populations of Ptychohyla spinipollex seem not to have been negatively affected by this landslide-related alteration.
As noted above, almost one-fourth of the Honduran endemic species of amphibians and reptiles are recorded from Parque Nacional Pico Bonito (19 of a total of 80 or 23.8%) in the central portion of the Cordillera Nombre de Dios. The high level of endemism of amphibians and reptiles in this reserve is part of a general pattern seen in the Cordillera Nombre de Dios. Refugio de Vida Silvestre Texíguat, located in the western portion of this cordillera also contains 19 endemic species of amphibians and reptiles (J. R. McCranie unpubl. data). In addition, Lowland Moist Forest in Honduras harbors a total of 14 endemic species of plants, all of which are found in the Cordillera Nombre de Dios (House 2001 . These include Hepatanthus hazlettii, which represents not only an endemic species, but also an endemic genus and family of plants (House 2001 . Concerning the amphibians, Atelophryniscus chrysophorus is not only an endemic species, but also belongs to an endemic and monotypic genus, confined to the moderate and intermediate elevations of the central and western portions of Cordillera Nombre de Dios (McCranie and Wilson 2002) . Atelophryniscus is the only amphibian genus endemic to Honduras.
